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Objectives.The aim of this study was to determine the relations
between spontaneous echo contrast, left aerial appendage blood
flow velocity and thromboembolism .
Back round. Left aerial thrombus and spontaneous echo con .
Vast, a putative marker of thromboernbc ."k risk, are frequently
located In the left aerial appendage . Measurement of left aerial
appendage outflow Doppler velocity by iransesophageal echecar-
diography Is a recent technique for assessment of left atrini
appendage function, which may be important in thrombus forma.
tion .
Methods . Transthoracle and transesophageal echocardlo-
graphic studies were performed in 140 patients with atrial fibril-
lation (chronic in 80 patients, paroxysmal in 50 patients, first
episode <2 weeks in 10 patients) . The left atrium and appendage
were inspected for thrombus and spontaneous echo contrast,
which was graded from 0 (none) to 4+ (severe) . Outflow velocity
profiles were obtained by pulsed wave Doppler at the orifice of the
left r,trial appendage .
Results. Left atrial spontaneous echo contrast was present in 78
patients (56%) . In
multivariate
logistic regression analysis, spon-
taneous echo contrast was the only significant correlate of left
Spontaneous echo contrast is an echogenic swirling pattern
of blood flow that has been proposed as a marker of
increased thromboembolic risk (1-7) . It has been observed
particularly in the left atrium and left atrial appendage in low
flow states, such as atrial fibrillation and rheumatic mitral
valve disease . In vitro studies have demonstrated qualitative
increases in blood echogenicity with the onset of stasis
(8-10) . Videodensitometric methods have been used in more
recent in vitro experiments to quantify increased blood
echogenicity with decreasing blood flow rates (11, 12). A
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atriul thrombus and was present in 14 (93%) of 15 patients .
Spontaneous echo contrast and age were associated positively, and
anticoagulant therapy was associated negatively, with previous
thrornboembolle events . Increasing grades of spontaneous echo
contrast were associated with decreasing left atria] appendage
blood velocity. The velocity in patients with thrombus was not
significantly
different from that in patients with 4+ spontaneous
echo contrast . In multivariate linear regression analysis, the grade
of spontaneous echo contrast was significantly and negatively
associated with left atrial appendage velocity (p = -0.0001) and
mitral regurgitation (p = ®0 . 2) and significantly and posi-
tively associated with left atrial area (p = 0 .0005) . The odds ratio
for spontaneous echo contrast was 28 :1 for low left atrial append-
age blood flow velocity (<35 cni/s) and 96 :1 for low velocity and
the absence of mitral regurgitation .
Conclusions . Spontaneous echo contrast is the cardiac factor
most strongly associated with left aerial appendage thrombus and
embolic events . Spontaneous echo contrast formation is promoted
by -educed blood flow velocity and increased left atrial size but is
diminished by mitral regurgitation .
(j Am Coll Cardiol 1994,23 .-961-9)
I
quantitative relation between blood flow velocity and in-
creasing grades of severity of spontaneous echo contrast
within the huma :i left atrium has not been demonstrated
previously in vivo .
In view of the predilection of both spontaneous echo
contrast and thrombus to form in the left atrial appendage
(13,14), the extent of blood stasis within the appendage and
its contractile function may be important determinants of
thromboembolic risk . Measurement of left atrial appendage
Doppler velocity profiles by transesophageal echocardiogra-
phy is a recently described technique for assessing left atrial
appendage function (15-18) . The aims of the present study
were to determine 1) ti,e relation between left atrial append-
age outflow Doppler velocity and the severity of left atrial
spontaneous echo contrast, 2) the relative importance of
blood flow velocity and other clinical and echocardiographic
variables in the pathogenesis of spontaneous echo contrast,
and 3) the relation among left atrial appendage blood flow
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velocity, left atrial spontaneous echo contrast, thrombus
formation and thromboembolism .
Methods
ts. Transthoracic and transesophageal echocardio-
graphic studies were performed in 140 consecutive patients
with atrial fibrillation referred for evaluation of potential
thromboembolic risk (90 patients), recent thromboembolic
events (43 patients), infective endocarditis (3 patients), pros-
thetic valve function (2 patients) or aortic dissection (2
patients)
. There were 84 men and 56 women, aged 28 to 82
years (mean age 64 years). Eighty patients had chronic atrial
fibrillation, which was defined as the persistence of atrial
fibrillation for at least 2 weeks before the study . The duration
of atrial fibrillation in this group of patients was >3 months
in 68 patients (85%) and >12 months in 56 patients (70%) .
Ten patients had a first episode of atrial fibrillation <2 weeks
in duration . Fifty patients had paroxysmal atrial fibrillation,
of whom 24 were studied during an episode of atrial fibrilla-
tion, and 26 were studied during sinus rhythm. Patients with
paroxysmal atrial fibrillation had a minimum of two docu-
mented episodes of atrial fibrillation, at least one of which
occurred within the 4 weeks preceding the study. Seventy-
eight patients were receiving anticoagulant therapy ; 34 pa-
tients were receiving aspirin, and 28 patients were receiving
neither therapy at the time of study .
Fifty-one patients had sustained a previous thromboem-
bolic event (stroke in 29, reversible ischemic neurologic
deficit in 1, transient ischemic attack in 20, peripheral
embolus in 1), which was defined on the basis of one or more
of the following: sudden onset of symptoms, absence of
hemodynamically significant symptom-related carotid artery
disease, complete resolution of symptoms within 24 h (tran-
sient ischemic event) or after 24 h (reversible ischemic
neurologic deficit), persistent neurologic deficit or evidence
of cerebral infarction at one or more sites on cerebra :
computed tomography (stroke) . In 36 patients (71%), the
thromboembolic event had occurred within the 4 weeks
preceding the study .
phy . Transthoracic echocardiography was
performed with a Hewlett-Packard Sonos 1000 Wtrasono-
h (HP77030A) and a 2.5-MHz transducer . Left atrial
diameter and left ventricular fractional shortening were
obtained from M-mode tracings (19) . Left atrial area was
measured by planimetry in the parasternal short-axis view .
Transesophageal echocardiography was performed with a
biplane 5-MHz transducer (HP21363A) . Patients were stud-
ied in the fasted state after sedation with midazolarn hydro-
chloride (1 to 2 Mg intravenously) and topical anesthesia of
the hypopharynx with 10% lidocaine spray . In addition to
standard examination of the cardiac chambers and valves in
the four-chamber view, the left atrial appendage was visual-
ized from the basal short-axis view, with the tip of the probe
flexed to display its maximal diameter and length (20) . The
left atrium and the left atrial appendage were inspected
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closely for the presence of thrombus and spontaneous echo
contrast .
The severity of spontaneous echo contrast was .,raded
from 0 to 4+ by two independent observers who were
unaware of the blood velocity data (see later), according to
the following criteria : 0 = none (absenc! of echogenicity) ;
1+ = mild (minimal echogenicity located in the left atrial
appendage or sparsely distributed in the ma=r Uty of the
left atrium ; may be detectable only trans-it y during the
cardiac cycle ; imperceptible at operating g-- gin settings for
two-dimensional echocardiographic analysis) ; 2+ = mild to
moderate (more dense swirling pattern than I + bat with
similar distribution ; detectable without increased gain set-
tings); 3+ = moderate (dense swirling pattern in the left
atrial appendage ; generally associated with somewhat lesser
intensity in the main cavity; may fluctuate in intensity but
detectable constantly throughout the cardiac cycle) ; 4+ =
severe (intense echodensity and very slow swirling patterns
in the left acid appendage, usually with similar density in
the main cavity) . Interobserver differences in the grading of
spontaneous echo contrast were resolved by consensus . The
observation of spontaneous echo contrast was standardized
by v:lrying both the gain and compress settings throughout
their full range during each study .
Left atrial appendage velocity profiles were obtained by
pulsed wave Doppler interrogation at the orifice of the
appendage . Peak outflow velocity signals within each RR
interval were averaged over a minimum of six cardiac cycles
for patients studied during atrial fibrillation and over three
cardiac cycles for patients studied during sinus rhythm .
Interobserver differences in the measurement of left atrial
appendage velocities were determined from values obtained
by two observers in 73 patients. The shear rate of blood at
the orifice of the left atrial appendage was estimated from the
average peak outflow velocity and the radius of the orifice
(end-diastolic diameter/2) with the formula Shear rate =
8/3 x Velocity/Radius (21) . Left atrial appendage velocity
measurements from patients in the study group were com-
pared with those obtained from an age- and gender-matched
control group of 25 patients with a normal heart who had
undergone transesophageal echocardiography for exclusion
of cardiogenic sources of thromboembolism .
The first 73 patients in this series were included in a
previous study in which the hematologic correlates of spon-
taneous echo contrast were determined (22) . Values for the
erythrocyte sedimentation rate, low shear blood viscosity
and anticardiolipin antibody, which were the significant
correlates of spontaneous echo contrast in that study, are
included with the hemodynamic data from the present study
in a separate multivariate analysis of spontaneous echo
contrast.
Statistical analysis. Differences in clinical and echocar-
diographic characteristics between patients with each left
atrial appendage Doppler velocity type were established
using one-factor analysis of variance . In various patient
subgroups, differences between continuous variables were
JACC Vol . 23, No
. 4
March 05, 1994 :951-9
compared using the unpaired Student t test. The significance
of differences between categoric variables was determined
from 2 x 2 contingency tables with the chi-square test . The
relation between various abnormalities and the formation of
spontaneous echo contrast was determined by multivariate
linear regression analysis, with the grade of spontaneous
echo contrast considered a continuous variable . A predictive
model for spontaneous echo contrast was formulated using
odds ratios obtained from multivariate logistic regression
with left atrial appendage velocity dichotomized >35 and
<35 cm/s (upper 95% percentile for patients with spontane-
ous echo contrast). Multivariate logistic regression analysis
was used to determine the relative importance of individual
variables to left atrial thrombus formation . Interobserver
variability in the measurement of left atrial appendage out-
flow velocities was expressed as the mean coefficient of
variation: 1[(Observer I - Observer 2)/Observer ]]/a, ex-
pressed as a percent . Interobserver variability in the grading
of spontaneous echo contrast was determined as the number
of cases in which a discrepancy of grade occurred, expressed
as a percent of the total group . Values are expressed as mean
value ± SD. A p value < 0 .05 was considered significant .
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Figure 1 . Left atrial appendage blood flow velocity patterns : A,
Type 1 . B, Type 11 . C, Type Ill. D, Type IV . E, Type V . (See
Results .) a = a wave ; e = e wave .
Results
Left atrial appendage velocity patterns . Five distinct left
atrial appendage outflow Doppler velocity profiles were
observed (Fig. 1). Patients studied during sinus rhythm
(control patients and those with episodic atrial fibrillation)
demonstrated
a
wo patterns . The type I pattern was charac-
terized 1y a small e wave that corresponded to mitral valve
opeinng and an initial reduction in left atrial appendage
diameter, followed by a larger a wave immediately after the
electrocardiographic (EGG) P wave that corresponded to left
atrial appendage contraction. The type 11 pattern consisted
of a single a wave, without a preceding e wave .
Patients studied during atrial fibrillation demonstrated
three patterns . In the type Ill pattern, an outflow e wave was
followed by multiple irregular waves of higher velocity
within each cardiac cycle that were associated with vigorous
fibrillatory motion of the left atrial appendage . The e wave
LA SEC
LA thrombus
LAA
vel (ctn/s)
LAA diam (cm)
MS/MVR
Chronic AF
LA area (cm2)
(yr)
TIE events
'Statistical signifcarce determined by one-factor analysis
of variance
. Values presented art mean value :t SD (sr number (%) of
patients.
AF = atria)
fibrillation
; LA = felt atria) ; LA diam = left aerial appendage diarmter
; LAA vet = mean peak left atrial appendage outflow velocity ; MSIMVII = mitral stenosis,
mitral value replacemendrepair
; SEC
spontaneous eelyo contrast . TiE = thromboenbolic
.
could be distinguished from the ftbrillatory waves by its
broader and well defined contour and the temporal associa-
tion with mitral valve opening . The proximity of the e wave
to the ensuing QRS complex decreased with shorter
intervals. The most frequently observed pattern was type
IV, which consisted of a dominant e wave with or without
smaller fibrillatory waves and with little flbrillatory motion of
the appendage. The type V pattern consisted of a prolonged
low velocity wave that was associated with minimal changes
in left atrial appendage diameter .
The clinical and echocardiographic characteristics of pa-
tients with the various Doppler flow profiles are shown in
Table 1. Progressive derangements of the left atrial append-
age velocity profile, from type 1 to V, were associated with
progressive abnormalities of all the variables examined, No
patient with the type I pattern had spontaneous echo con-
trast, but the prevalence of spontaneous echo contrast
increased from type 11 to V . Left atrial and left atrial
append diameters increased, and left atrial appendage
velocity decreased from type I to V . Patients with the type V
ttern all had longstanding atrial fibrillation ; most had
mitral stenosis or a prosthetic mitral valve ; and the preva-
lence of both left atrial spontaneous echo contrast and left
atrial thrombus was high in this group. On the other hand,
although no patient with type I pattern had a thromboem-
bolic event, the prevalence of thromboentbolic events was
not positively associated with progressive derangement of
the velocity pattern .
Left atrial appendage veloLity mid s ntanenus echo con-
trast . Left atrial appendage spontaneous echo contrast was
present in 78 patients (56%)- 1+ in 33 patients, 2+ in 21
patients, 3+ in 18 patients, 4+ in 6 patients. Interobserver
differences in the grading of spontaneous echo contrast were
determined in 80 patients, with differences of only one grade
in 5 patients (6%) . The average of the peak left atrial
appendage velocities in patients with spontaneous echo
contrast (18.5 ± 11 .3 cmis) was significantly lower than the
average velocity in patients without spontaneous echo con-
trast (44.7 ± 22.8 cmls, p < 0.001) (Table 2) and control
Left Atrial Appendage Velocity Pattern
patients (81 .5 ± 19 .4 cm s, p < 0.001) . Increasing grades of
left atria( spontaneous echo contrast were associated with
decreasing peak left atria) a~peudage velocities (Fig . 2). The
velocity in patients with thrombus was not significantly
different from that in patients with 4a • spontaneous echo
contrast. The mean coefficient of variation for measurement
of left atrial appendage velocity between observers was 1%
(range 0©la to 20.3%).
Patients with left atrial spontaneous echo contrast had
lower left atria) appendage shear rates, were older and had a
greater prevalence of chronic atrial fibrillation and anticoag-
ulant therapy than patients without spontaneous echo con-
trast (Table 2) . Spontaneous echo contrast was present in 13
(54%) of 24 patients with paroxysmal atria) fibrillation stud-
ied during an episode of atrial fibrillation . However, it was
Table 2, Clinical and Echocardiographic Characteristics of
Patients With and Without Left Atrial Spontaneous Echo Contrast
Left Atrial Spontaneous
Echo Contrast
p Value
0 .001
0 .001
0 .001
0 .001
0 .001
0 .001
0 .004
0.008
0 .021
Values presented are mean value ± SD or number (%) of patients. WC =
heparin or coumadin therapy ; LV FS = left ventricular fractional shortening ;
Paroxysmal AF (AF) = paroxysmal atrial fibrillation studied during an
episode of atria) fibrillation ; Paroxysmal AF (SR) = paroxysmal atria)
fibrillation studied during sinus rhythm ; other abbreviations as in Table I .
Iin=5) If to =19)
Ill (n=26) IV (n=76) V to = I t)
0 (0%) 306%)
11(42%) 54(71%) 19 (91%)
0 (~J%)
1 (5%) 0 (0%) 7 (9%) 7(5(3%)
61 ± 16 57 ± 25
38 ± 15 21 ± 12 8±7
1 .7 ± 0 .3 1 .6 ± 0.3
1 .8 t 0 .3 2 .0 t 0.4 2 .2 ± 0 .4
1(13%) 201%)
2 (8%) 18 (24%) 9 (82%)
C (O%) 0 (Vol
15 (58%) 5401%) l
	
~cl
16.6 ± 4 .3 19.1 ± 3 .7 19.4 ± 4 .8
27 .9 ± 18.9 34 .0 ~- 12.6
54 ± 16 65 ± 10
60 ± 13 66 ± 10 66 ~° 12
0(0%1 if (58%)
6 (30%) 31(41%j' y (27t= )
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T 1
. Clinical and Echocardiographic Characteristics of Patients With Various Left Atrial Appendage Doppler Velocity Patterns
No (n = 62) Yes (G) = 78) p Value
LAA vel (cmis) 45 ± 23 19 ± 11 < 0.001
LAA shear rate (s - u ) 144±91 54±39 <0.001
Paroxysmal AF (SR) 23 (370) 3(4%) < 0.901
Age (yr) 61±13 67±10 0.001
Chronic AF 26(42%) 54 (69`7) 9.002
Anticoagulation (HIC) 28(45%) 50(64%) 0.028
Aspirin therapy 16 (26%) 18 (23%) NS
Paroxysmal AF (AF) 11 (1890 13(17%) NS
1st episode AF 2(3%) 8 (loo) NS
Mitral regurgitation 20 (3211/8 20(26%) NS
MS/MVR 10(16%) 21(27%) NS
LA area (cm") 22 ± 11 27 ± 18 NS
LV FS <28% 6 (10 0) 16(21%) NS
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SEC grade
Figure 2 . Mean left atria) appendage (LAA) Doppler velocity in
control patients and in subgroups of patients with increasing grades
of severity of left alrial spontaneous echo contrast (SEC) and left
atrial thrombus .
observed in only 3 (12%) of 26 patients with paroxysmal
atrial fibrillation studied during sinus rhythm and was only
mild or mild to moderate in all patients .
In multivariate linear regression analysis, the grade of
spontaneous echo contrast was significantly and negatively
associated with left atrial appendage velocity (p = -0 .0001)
and mitral regurgitation (p = -O.W) and positively asso-
ciated with left atrial area (p = 0 .0005). The odds ratio for
spontaneous echo contrast was 28 :1 (95% confidence inter-
val [CI) 9 .1 to 84 .4) for low left atrial appendage velocity
(<35 cmls) and 3 :1 (95% CI 1 .4 to 12 .8) for the absence of
mitral regurgitation . The combination of low left atrial ap-
pendage velocity and the absence of mitral regurgitation was
associated with a multiplicative odds ratio of 96 :1 for spon-
taneous echo contrast formation .
In a subgroup of 73 patients, both hematologic and
hemodynamic variables were examined, and significant cor-
relations were found between the grade of spontaneous echo
contrast and left atrial appendage blood flow velocity (p <
-0.0005), mitral regurgitation (p < -0 .0005) and left atiial
area (p = 0.008) but not with the erythrocyte sedimentation
rate, low shear blood viscosity or anticardiolipin antibody .
Left atrial thrombus. Left atria] thrombus was present in
15 patients (11%) (left atrial appendage only in 13 patients,
main cavity and appendage in 2 patients) . The clinical and
echocardiographic characteristics of patients with and with-
out left atrial thrombus are shown in Table 3 . Fourteen of the
patients with left atria) thrombus (93%) also had left atrial
spontaneous echo contrast . The one patient with left atrial
thrombus without spontaneous echo contrast was studied
during sinus rhythm <24 h after reversion from a first
episode of atrial fibrillation of 6 days in duration . Compared
with patients without left atrial thrombus, those with throm-
bus had lower left atrial appendage velocities and an in-
FATKIN ET AL .
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Table 3. Clinical and Echocardiographic Characteristics of
Patients With and Without Left Atrial Thrombus
Left Atrial Thrombus
No (n = 125) Yes (n = 15) p Value
values presented are mean value ± SD or number t%) of patients .
Abbreviations as in fables I and 2
.
creased prevalence of mitral valve disease and chronic atria]
fibrillatioD . No patient with paroxysmal atrial fibrillationhad
left atial thrombus . In multivariate logistic regression anal-
ysis, the grade of spontaneous echo contrast was the only
factor significantly associated with left atrial thrombus (p <
0.0005). In patients with spontaneous echo contrast, the
odds ratio for thrombus was 13 :1 (95% CI 1 .7 to 101 .4) .
Systemic thromboembolle events . Fifty-one patients had a
history of systemic thromboembolic events . Older age and
the presence of spontaneous echo contrast were positively
associated with thromboembolic events (Table 4) . Thirty-
five (69%) of 51 patients with previous events had left atrial
spontaneous echo contrast at the time of the study (1 + in 18
patients, 2+ in 8 patients, 3+ in 7 patients, 4+ in 2 patients) ;
only 3 of these patients were in sinus rhythm . There was a
significant negative association between anticoagulant ther-
apy and wnbbollic events . Only 4 of the 35 patients with
spontaneous echo contrast and embolic events were receiv-
ing anticoagulant therapy at the time of the event . No
difference in the prevalence or left atrial thrombus was
observed between those with and without embolic events .
Although lower mean left atrial appendage velocities were
found in the patients with previous events compared with
those without events, these differences did not achieve
statistical significance, even when patients with sinus
rhythm were excluded .
SCUM
The phenomenon of spontaneous echo contrast has been
attributed to increased ultrasonic backscatter from aggrega-
tion of the cellular components of blood in conditions of
blood stasis (8-12,23-25) . The association of spontaneous
echo contrast with low flow states known to predispose to
thromboembolism, such as mitral valve disease and atrial
LAA vel (cam's) 32±21 9 ± 6 <0 .001
LA SEC 64(51%) 14 (93%) 0A5
MSIMVR 23(18%) 8 (53%) 0 .006
Paroxysmal AF 50 (40%) 0 (0%) 0 .006
LAA shear rate (s - `) 51 ± 95 99 ± 77 0 .027
Chronic AF 67 (54%) 13 (87%) 0 .033
I st episode AF 8(7%) 2 (13%) NS
Mitral regurgitation 35 (29%) 5 (33%) NS
LA area (cm2) 25 ± 15 28 ± 10 NS
LV FS <28% 21(17%) I (7%) NS
Age (yr) 64 ± 12 66 t 10 NS
Anticoaguiation (111Q 66 (53%) 12 (80%) NS
Aspirin therapy 32 (260/) 2(13%) NS
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TA& 4. Clinical and Echocardiographic Characteristics of
Patients With and Without Systemic Thromboembolic Events
Values presented are mean value
± SD or number (%) of patients .
Abbreviations as in Tables I and 2 .
fibrillation, and its occurrence in patients with left atrial
thrombus and previous thromboembolic events have led to
the hypothesis that spontaneous echo contrast may be a
marker of increased thromboembolic risk (1-7) . In early
experiments to determine the pathogenesis of spontaneous
echo contrast, Sigel et al . (8) noted qualitative increases in
blood echogenicity with the onset of blood stasis after
mechanical agitation of a series of test tubes . Similar re-
sults have been obtained by other investigators using
various in vitro flow chambers and animal models (9,10) .
More recently, videodensitometric analyses have been
used in in vitro studies to demonstrate quantitative in-
creases in blood echogenicity with decreasing flow rates
(11,12) .
Spontaneous echo contrast may be confined to the left
atrial appendage alone, and when distributed throughout the
main body of the left atrium, it is usually more intense within
the appendage . For this reason, it was hypothesized that left
atrial appendage velocity might be a useful indicator of the
propensity for spontaneous echo contrast formation . In the
present study, the severity of spontaneous echo contrast
within the human left atrium was found to be inversely
related to left atrial appendage blood flow velocity.
The left atrial appendage is a blind-ended pouch that is
embryologically distinct from the main body of the left
atrium and has been demonstrated in both surgical and
autopsy series to be the most common site of left atrial
thrombus formation (13,14). Although the function of the left
atrial appendage has not been elucidated completely, it has
been shown to contribute significantly to the overall compli-
ance and reservoir function of the left atrium (26) . Impair-
ment of the contractile function of the appendage, particu-
larly with the onset of atrial fibrillation, might result in blood
stasis and predispose to thrombus development .
Transesophageal echocardiography has been used re-
cently to study left atrial appendage function. Pollick and
Taylor (15) studied two-dimensional echocardiographic and
Doppler patterns of left atrial appendage function in 82
patients . In 42 of the 63 patients with sinus rhythm, a
biphasic pattern was obtained, with a single outflow wave
that coincided with left atrial appendage cavity contraction
and color flow evidence of blood flow from the appendage .
In four patients with atrial fibrillation or flutter, there was an
irregular outflow signal that appeared to result from rapid but
minimal left atrial appendage emptying and filling associated
with fibrillatory contractions. In three patients with atrial
fibrillation or flutter, a prolonged low velocity signal was
found that was attributed by these investigators to passive
emptying of the appendage by inward and upward displace-
ment of its medial wall by the adjacent left ventricular wall
during ventricular filling . In 9 of the 17 patients with aerial
fibrillation or flutter, the left atrial appendage appeared to
behave as a "static pouch," and no outflow signals were
obtained . Patients with atrial fibrillation or flutter with spon-
taneous echo contrast had a larger left atrial appendage
diameter than those without .
In a series of 84 patients, Pozzoli et al . (16) found absent
or low left atrial appendage velocities in all of the 20 patients
with left atrial spontaneous echo contrast or thrombus, 16 of
whom had atrial fibrillation . Garcia-Fernandez et al. (17)
observed left atrial appendage spontaneous echo contrast in
2 of 8 patients with atrial fibrillation with multiphasic left
atrial appendage velocity patterns, in 12 of 14 patients with
atrial fibrillation with no detectable flow and in 2 of 17
patients with sinus rhythm . Left atrial area was significantly
greater in the patients with absent appendage blood flow . In
a series of 54 patients with nonrheumatic atrial fibrillation,
Verhorst et al. (18) found significantly lower peak left atrial
appendage velocities and a higher prevalence of left atrial
spontaneous echo contrast in the 16 patients with docu-
mented systemic thromboembolic events compared with
patients without events .
Left atrial appendage velocity. In the present study, five
characteristic left atrial appendage outflow blood velocity
patterns were observed that could be differentiated by the
presence or absence of e waves in patients with sinus rhythm
and by the relative extent of flow associated with Willatory
activity of the left atrial appendage in patients with atrial
fibrillation . Significant differences were found in clinical and
echocardiographic variables between the subgroups of pa-
tients with each velocity type . These velocity patterns
suggest that a variable degree of preservation of left atrial
appendage function can be expected in patients with atrial
fibrillation .
Although biphasic velocity signals were noted, only the
Systemic Thromboembolic
Events
No (n = 89) Yes (n = 51) p Value
Age (yt)
62 ± 12 68 ± 9 < 0 .001
Anticoagulation (H/C) 47(53 c)
6 (12%) < 0 .001
LA SEC
43 (489c) 35(69%) 0 .031
LA thrombus
9(10,7o) 6(12%) NS
LAA vel (cm)
All patients 32 :t 23 26 ± 20 NS
All AF, except paroxysmal 27 z 18 20 ± 11
0.053
AF (SR)
Paroxysmal AF (SR) 61 ± 19
51 ± 25 NS
LAA shear rate (s 103 t 87
79 t 66 NS
Chronic AF
48(54%) 32(63%) NS
Paroxysmal AF 35(397o) 15(29%) NS
1st episode AF 6 61)
4 (80,1 ) NS
Mitral regurgitation 24(27%) 16(31%) NS
MSIMVR 21(24%) 10 (2VA) NS
LA area (c0) 25 ± 12 25 ± 21 NS
LV FS <28% 14(16170 8(16%) NS
As, itin therapy 19 (21%) 10(20%) NS
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peak outflow velocities were measured in this study . Previ-
ous studies (15-18) have used the peak outflow velocity as an
indicator of left atrial appendage function and have demon-
strated that both outflow and inflow velocities are generally
of similar magnitude, consistent with the continuity equation
(27) . Thus, the outflow velocity is not only a marker of left
atrial appendage contraction and the emptying rate but is
also a surrogate marker of the filling rate .
Left 2trial appendage velocity I spontaneous echo con-
trast. Left atrial appendage outflow velocity was found to be
the most significant correlate of spontaneous echo contrast
in this study . Decreasing left atrial appendage velocities
were associated with increasing grades of severity of left
atrial spontaneous echo contrast . The presence of mural
regurgitation reduced the grade of spontaneous echo con-
trast for any given left atrial appendage velocity . The appar-
ent protective effect of mitral regurgitation has been ob-
served in other studies (5,6) and may be due to disruption of
blood stasis in the left atrium by the regurgitant jet . The new
appearance of
left atrial spontaneous echo contrast after
surgical correction of mitral regurgitation has been reported
recently in two patients with atria) fibrillation and dilated left
atria (28) .
The importance of low blood shear rate in promoting real
cell aggregation and increased blood echogenicity has been
demonstrated previously (1, 11,23) . Patients with spontane-
ous echo contrast in the present study had significantly lower
left atrial appendage blood shear rates than patients without
spontaneous echo contrast . The lack of significance of left
atrial appendage shear rate in multivariate analysis of spon-
taneous echo contrast was most likely due to its very high
correlation with left atrial appendage velocity (r' = 0 .92, p =
0.0001). Significant correlations were found between left
atrial appendage shear rate and thrombus formation but not
with previous embolic events . Although shear rate may be a
more precise index of atrial stasis, measurement of left atrial
appendage velocity provides comparable information in the
clinical setting .
In this study, increased left atrial size correlated signifi-
cantly with the severity of spontaneous echo contrast in
multivariate linear regression, but statistical significance was
not achieved when spontaneous echo contrast was treated as
a dichotomous outcome variable in logistic regression anal-
ysis . Although Tsai et al . (6) found no difference in left atrial
diameters in patients with nonvalvular atrial fibrillation
between those with and without spontaneous echo contrast,
significant correlations between atrial size and spontaneous
echo contrast have been demonstrated by other investigators
(Z4Q.
The erythrocyte sedimentation rate and low shear blood
viscosity (indexes of red cell aggregation) and anticardiolipin
antibody have been demonstrated previously to correlate
significantly with the grade of spontaneous echo contrast in
185 patients with atrial fibrillation (22) . The loss of signifi-
cance when these factors were combined with hemodynamic
data in a smaller subgroup of 73 patients in the present study
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suggests that left atrial appendage blood stasis is a relatively
stronger indicator of the propensity for spontaneous echo
contrast formation, but some caution is warranted in this
interpretation, given the smaller patient numbers .
Left aerial thrombus . The results of this study support
previous observations of the high prevalence of left atrial
spontaneous echo contrast in patients with left atrial throm-
bus (2-7) . The single patient with left atrial thrombus without
spL itaneous echo contrast had sinus rhythm at the time of
the study. Although low left atrial appendage velocities and
shear rates, chronicity of atrial fibrillation and the presence
of mitral valve stenosis or prostheses were significant
univariate correlates of left atrial thrombus, spontaneous
echo contrast was the only significant correlate in multivari-
ate analysis .
Thromboembolic events . Age and the presence of spon-
taneous echo contrast correlated positively, and anticoagu-
lant therapy correlated negatively, with previous thrombo-
embolic events . No relation was evident between the grade
of spontaneous echo contrast and embolic events, but the
number of patients with the more severe grades was rela-
tively small . No significant differences in mean left atrial
appendage velocities were found between those with and
without embolic events. Even when we excluded the higher
velocities in patients who had paroxysmal atrial fibrillation
but were studied during sinus rhythm, the differences were
marginally nonsignificant (p = 6 .053). It is possible that
statistical significance may have been achieved in a larger
patient group . Potential fluctuations in left atrial appendage
velocities and in the grade of spontaneous echo contrast
between the time of the event and the time of study may also
contribute to these findings . It is also possible that there are
significant differences in the pathophysiology of thrombosis
and embolism . Although low left atria) appendage blood flow
velocities may promote spontaneous echo contrast and
thrombus formation, the mechanism of embolism may be
more complex . Poster and Halperin (29) noted the impor-
tance of the dynamic forces of the circulation in promoting
embolization from ventricular thrombus . The relatively high
prevalence of events in patients with paroxysmal atrial
fibrillation and in those with more preserved left atrial
appendage function (such as the type III velocity pattern)
suggests that embolism of preformed thrombus may be
favored by more dynamic flow conditions and more vigorous
left atrial appendage contraction .
Study limitations and clinical implications . The identifica-
tion of echocardiographic criteria for thromboembolic risk
stratification in patients with atrial fibrillation has achieved
greater importance because of recent controversy with re-
gard to the relative benefits of prophylactic cournadin or
aspirin therapy in these patients (30-34) . The increased
prevalence of spontaneous echo contrast in patients receiv-
ing anticoagulan'tt therapy in this study is unlikely to be a
drug effect and is more likely due to selection bias, given that
40% of these patients had commenced anticoagulant therapy
after previous embolic events and were independently at
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increased risk for spontaulcotrs echo contrast . The efficacy of
prophylactic anticoagulation in patients with spontaneous
echo contrast could not be determined from this study
because of the small patient numbers and the retrospective
nature of the analysis . The retrospective nature of the
thromboembolism data is a limitation of the present study
and other studies to date that have examined thromboem-
bolic risk in patients with spontaneous echo contrast . Large
prospective studies are clearly required to establish defini-
tively the relation between spontaneous echo contrast and
thromboembolism in the total population of patients with
aerial fibrillation and in subgroups with various grades of
spontaneous echo contrast and various etiologies of atrial
fibrillation, Thromboembolic risk in aerial flutter is also
controversial, but this was riot addressed in this study .
Low left atria) appendage blood flow velocity was a
significant univariate correlate of thrombus formation, but
this reflected the fact that it is the major determinant of
spontaneous echo contrast formation . The pathogenesis of
spontaneous echo contrast is complex and includes not only
the velocity or shear rate of local blood flow but also factors,
such as abnormalities of blood composition, that may inde-
pendently contribute to a prothrombotic state (22,33) . Al-
though left aerial appendage velocity is an objective index of
blood stasis, variables such as the protective effect of mitral
regurgitation limit the value of low velocity per se as a
predictor of thramboembolism . The high velocities in
pa.
tients with paroxysmal atria] fibrillation during sinus rhythm
do not preclude embolic potential, In fact, although low
velocities promote thrombus formation, intermediate or high
velocities may be required for embolization . Te potential
for variation in blood flow velocity between the time- of
thrombus formation and the time of study may also limit the
predictive value of a single velocity measurement . The
qualitative echocardiographic recognition of spa nwa=3
echo contrast thus appears the best single echocardiographic
discriminant of thromboembolic risk.
We gratefiriy aclmowledge Kate Downs, M App Stets, far assiiWtce with
statistical analysis
.
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